Seeds of African Walnut (Plukenetia conophorum Muell Arg.) obtained from four (4) states -Enugu, Anambra, Abia, Rivers -in south-eastern Nigeria were assayed for amino acid contents of the raw and cooked seeds using High Performance Liquid Chromatography (HPLC). Results indicated significant (p ≤ 0.05) variation in both essential and non-essential amino acid content across locations. Among the essential amino acids, the accession from Abia had the highest arginine and lysine content; Rivers had the highest concentration of histidine and valine, while Enugu showed the highest methionine and threonine content, though statistically similar with that of Abia. Boiling significantly (p < 0.05) increased the amount of tryptophan, but all the other essential amino acids did not respond significantly to boiling. Among the non-essential amino acids, alaninie, asparagine, glutamine, glutamic acid and glycine responded significantly to location. Boiling reduced the quantities of cysteine and glutamic acid; but increased those of glutamine and lysine. Among the essential amino acids, only histidine and lysine were significantly (p < 0.05) influenced by interaction effects of location and processing such that boiling drastically reduced the levels of histidine in the seeds from Anambra and Rivers but enhanced the level of histidine in the seeds from Abia. Boiling also increased the amount of lysine in the Anambra seeds but reduced the lysine level in all the other accessions. In the case of the non-essential amino acids, asparagine, glutamine and glutamic acid responded significantly (p < 0.05) to interactive effect of the two factors. Principal Component Analysis (PCA) explained close to 50% of the total variability in amino acid composition, identifying arginine, asparagine, lysine, methionine, valine, glutamic acid, leucine, cysteine, threonine, alanine and isoleucine as the key amino acids for describing African walnut seeds in the south-eastern zone of Nigeria. It was clear from the study that seeds of this under-utilized forest species have full complement of the amino acids in sufficient amounts to meet the amino acid requirements of its teeming consumers.
INTRODUCTION
Protein as a class of food is indispensable for healthy living. The quality or nutritional status of a protein is defined by its amino acid composition (Ojiako et al., 2010) . In developing countries, nutritional levels are generally low, a situation that has been aggravated by high level of poverty. As such, consumption of legumes and oilseeds which are protein rich has been recommended as an affordable means of ensuring high level protein intake by resource poor families (Singh et al., 1993) . Fortunately, in many of these countries a lot of these indigenous edible legumes and oilseeds are commonly available.
In Burkina Faso, Glew et al. (1997) determined among others, the amino acid composition of 24 indigenous species and concluded that many could be relied upon to provide significant amounts of essential amino acids. The interesting thing is that these local sources of nutrients are not only fit for human consumption, but can also be exploited for the formulation of animal feeds for sustainable livestock production (Ingale and Srivastava, 2011) . This has the additional advantage of reducing the cost of animal protein, with far reaching implications on overall human nutrition and well being. As stated earlier, many of these indigenous species are good sources of nutrients for human nutrition. Their http://dx.doi.org/10. 4314/as.v13i2.3 use in the formulation of domestic foods in many developing countries has been reported (Ingale and Srivastava, 2011) . However, the particular form in which these products are consumed could depend on such factors as plant species, local practice or personal preference. Reports from literature however indicate that processing method has important implication on the nutritional quality of a food material. For instance, Adedeye (2010) reported that in groundnut, cooking enhanced the levels of some amino acids while reducing that of others; roasting had a more deleterious effect on the amino acid levels. Beneficial effects of cooking on levels of some amino acids were also reported in chick pea (Abdel-Rahman, 1983) . Plukenetia conophorum, commonly called African walnut, is a perennial climber that is widely distributed throughout the humid forest zone of sub-Saharan Africa (Enujiugha, 2003) . In Nigeria, it is found throughout the wet part of southern Nigeria (Amaeze et al., 2011) . In the wet season when the seeds are available, they are commonly consumed throughout the region as snacks when boiled (Akpuaka and Nwankor, 2000) . According to Babalola (2011) , the sale of cooked nuts of African walnut, either by displaying in trays or tying in transparent polythene is common in most urban centres of southern Nigeria. Besides its use as food, the species is also highly rated in ethnomedicine where it is credited with the cure of a number of human ailments (Okafor and Okorie, 1990; Ayoola et al., 2011) .
The seed of Plukenetia conophorum, on dry weight basis, has been shown to contain up to 29.09% protein and 48.9% oil (Enujiugha, 2003) . This oil has various industrial uses such as production of soap, wood varnishes and paints (Egharevba et al., 2005) and can therefore be exploited for industrial use. Also, the high protein content of the nut makes it a remarkable food item that is widely consumed in the whole of southern Nigeria. Studies hitherto were based on seed samples collected from a single location. This study was therefore designed to investigate the amino acid composition of nuts of Plukenetia conophorum from four locations in south eastern Nigeria. Since the nuts are usually boiled before eating, we decided to explore the effect of this processing technique on the amino acids content of the seeds.
MATERIALS AND METHODS
Seeds of African walnut, Plukenetia conophorum, were collected from four locations in south-eastern Nigeria. The four locations were the states of Enugu, Anambra, Abia and Rivers. Sample seeds were cooked in boiling water for one hour. Both cooked and uncooked samples for analysis were sundried until stable weight was obtained. Finely ground samples were used for the analysis.
Determination of amino acids content was done at the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, by High Performance Liquid Chromatography (HPLC) using waters 616/626 LC (HPLC) instrument. Small quantities (0.5 g) of the samples were weighed into a sterile furnace hydrolysis tube to which 5 nmols of Norleucine was added and dried under a vacuum. The protein was hydrolysed by placing the tube in a vial containing 10.05N HCl with a small quantity of phenol. This was accomplished at 108 °C and lasted for 20-23 hours.
The hydrolysed samples were derived automatically using the water 616/626 HPLC to generate phenylthiocarbamyl (PTC) amino acid derivatives. The duration for this was 45 minutes per sample, as calibrated on the instrument. A set of standard solutions of the amino acids were prepared from Pierce Reference standards H (1000 µmol) into auto-sampler crops and they were also derived. After the derivatives were obtained, a methanol solution (1.5N) containing the PTC-amino acids were transferred to a narrow bore waters 616/626 HPLC system for separation. The separation and quantification of the PTC-amino acids were done on a reverse phase (18 silica column) and the PTC chromophone were automatically and digitally detected at the wavelength of 254 nm. The elution of the whole amino acids in the samples took 30 minutes. The buffer system used for separation was 140 mm sodium acetate pH 5.5 as buffer A and 80% acetonitrile as buffer B. The program was run using a gradient of buffer A and buffer B concentration and ending with a 55% buffer B concentration at the end of the gradient.
The intensity of the chromatographic peak areas were automatically and digitally identified and quantified using a Dionex chromeleon data analysis system which is attached to the waters 616/626 HPLC System. Data collected were subjected to analysis of variance (ANOVA) using GENSTAT Discovery 3 Release 7.22 DE (GENSTAT, 2008) . Significant differences between means were detected by means of Fisher's least significant difference (F-LSD) procedure at 5% probability level. Amino acid variability among the accessions was examined with principal component analysis.
RESULTS
Main effects of location and processing on essential amino acid composition of seeds of African walnut were presented in Table 1 . Location had significant (p < 0.05) effect on the composition of arginine, histidine, lysine, methionine, threonine and valine. The accession from Abia had the highest arginine and lysine content, while Rivers had the highest concentration of histidine and valine. Seeds from Enugu showed the highest methionine and threonine content, though statistically similar with that of Abia. Boiling significantly (p < 0.05) increased the amount of tryptophan. All other essential amino acids did not respond significantly to boiling.
Five of the non-essential amino acids did not respond in a remarkable way to location effect while the other five did (Table 2 ). The non-essential amino acids that responded significantly (p < 0.05) to location were alanine, asparagine, glutamine, glutamic acid and glycine. Abia had the highest amounts of alanine, asparagine, glutamine and glycine but seeds from Enugu were significantly (p < 0.05) higher in glutamic acid compared to other locations. Unlike what obtained in the essential amino acids, boiling elicited more significant responses in the non-essential amino acids. Thus while boiling reduced the quantities of cysteine and glutamic acid, it increased those of glutamine and glycine. Interaction effect of accession and processing on essential amino acid content of African walnut seeds is presented in Table 3 . Only histidine and lysine responded significantly (p < 0.05) to the combined effects of the two factors. Boiling drastically reduced the levels of histidine in the seeds from Anambra and Rivers and only marginally reduced those of Enugu. It however enhanced the level of histidine in the seeds from Abia. On the other hand, boiling increased the amount of lysine in the Anambra seeds but reduced the lysine content of all the other accessions. The interaction effects of location and processing on the non-essential amino acids content of African walnut seeds showed non-significant effect on all the amino acids except asparagine, glutamine and glutamic acid (Table 4) . While boiling enhanced the levels of asparagine in the seeds from Enugu and Anambra, it reduced the level in seeds from Abia. Boiled seeds from Abia, Anambra and Rivers registered higher values of glutamine in contrast to those from Enugu. Levels of glutamic acid were higher in fresh raw seeds from Enugu and Anambra, while they were comparatively lower in the seeds from the other two accessions. Variability in amino acid composition of seeds from the study area as examined with principal components analysis (PCA) is shown in Table 5 . The PCA result explained only about 50% of the total variability with the first, second and third principal axes explaining 24.01%, 13.80% and 11.03% of the total variability, respectively. Going by the latent roots, the first principal axis (PRIN 1) identified five (5) amino acids including arginine, asparagine, lysine, methionine and valine to contribute about 24% of the total variability existing among the accessions. The second principal axis (PRIN 2) identified four other amino acids (glutamic acid, leuccine, cysteine and threonine) contributing about 14% of the amino acid variability among the accessions, whereas PRIN 3 axis identified that alanine and isoleucine contributed about 11% of the total variation. Consequently, eleven (11) amino acids including arginine, asparagine, lysine, methionine, valine, glutamic acid, leucine, cysteine, threonine, alanine and isoleucine were identified as the key amino acids for describing African walnut seeds in the south eastern zone of Nigeria.
DISCUSSION
It is probable that differences in amino acid content of provenances could be as a result of the genetic factor (Meredith and Gaskin, 1984) . In seeds of the family Brassiceae, variation in amino acid and protein content has been partly linked with the relative proportions of protein fractions in the seeds (Mossé and Baudet, 1983) . Bell et al. (2000) in their study involving seeds of Brassica and Sinapis species found that cultivars with higher levels of crude protein did not necessarily contain higher amounts of particular amino acids, an observation they attributed to variations in the nonprotein nitrogen (NPN) content of the samples. In this study, amino acid values were found to differ across locations even though crude protein content of the accessions, as contained in another report (Baiyeri et al., submitted for publication), were found to be statistically the same. It is likely that differences in the amounts of non-protein nitrogen and relative composition of protein fractions might account for this amino acid variability. This however were not tested but could form an important component of further investigations.
Apart from the above, soil fertility could influence amino acid distribution (Bell et al., 2000) . This has been amply demonstrated by Thanapornpoonspong et al. (2005) in a study involving Amaranthus species and Chemopodium quinoa. Different rates of nitrogen were found to influence the protein fractions and amino acid content of the two species. Thus in general, higher rates of nitrogen reduced lysine and increased arginine content in the seeds. Similarly, sulphur fertilization of winter wheat increased the amino acid content of the sulphur containing amino acids -cysteine, methionine, threonine and lysine -in magnitudes ranging from 7.7 to 35.3% (Järvan et al., 2008) . In the sampled location, uniformity in fertility status of the soil cannot be guaranteed and could possibly account for differences in amino acid distribution of the accessions. In the report of Bell et al. (2000) , environment rather than genetics, was more highly implicated in observed differences in amino acid composition of tested species.
Boiling of seeds of African walnut increased or decreased the levels of some amino acids while others were not affected to any marked degree. This result is comparable to reports in groundnuts (Arachis hypogaea) where dry cooking enhanced the levels of asparagine, serine, glutamine, proline, arginine, alanine, cysteine, valine, leucine and phenylalanine, while depressing those of lysine, hystidine, threonine, methionine and isoleucine (Adeyeye, 2010) . On the contrary, Ojiako et al. (2010) reported that boiling significantly reduced the protein and amino acid content of seed flours of African yam bean (Sphenostylis stenocarpa), sesame (sesamum indicum), Calabash nutmeg (Monodora myristica) and African oak (Afzelia africana). Similarly, cooking for 1 or 2 hours reduced significantly the concentrations of lysine, histidine, arginine and tryptophan in chickpea (Abdel-Rahman, 1983) . A closer look at the data in Table 1 would reveal that even though boiling enhanced the quantities of tryptophan in the seeds, in the rest of the other essential amino acids this was not so. Although, amino acid levels were not significantly affected, boiling showed a strong tendency to depress the values. In the case of the non-essential amino acids, the picture was different as boiling tended to enhance amino acid levels of the seeds. Since essential amino acids are not synthesized by the body and therefore considered indispensable, such marginal reductions may not be wholly ignored. It might be worthwhile considering the intensity or duration of cooking on essential amino acid content of the seeds of this species. In chick pea, cooking beyond one hour depressed amino acid and vitamin content of the seeds (Abdel-Rahman, 1983) . It therefore appears that effect of cooking on amino acid content is highly dependent on the species concerned. The presence of anti-nutritional factors in oilseeds tends to limit their nutritional value or utilization (Enujiugha, 2003) . In African walnut, considerable amounts of these factors (oxalates, phytates and tannins) have been detected (Enujiugha and AyodeleOni, 2003) . Fortunately, cooking was found to drastically reduce the concentrations of phytates and tannins in the seeds to levels that did not constitute any danger to consumers (Enujiugha, 2003) . Thus the practice of boiling African walnut seeds before eating, could serve to reduce the levels of these chemical entities that limit the food value of the nuts. On the whole, it is remarkable that seeds of this species have the full complement of both essential and nonessential amino acids as earlier reported (Gbadamosi et al., 2012) . This means that conophor nut, as the species is also called, has the capacity to meet the amino acid requirement of both rural and urban dwellers who consume the nut, particularly those in the southern part of the country. When compared with amino acid values of cultivated oilseeds, this species shows impressive rating. For instance, amino acid values of cultivars of sunflower and groundnut as reported by Ingale and Shrivastava (2011) do not seem to be superior to those of conophor nut except in one or two cases. This is plausible considering the fact that Plukenetia conophorum is yet a neglected species (Gbadamosi et al., 2012) , with a dearth of scientific intervention in form of genetic improvement and/or improved agronomic practices. On the contrary, the oilseed crops cited above have enjoyed several improvement interventions over the years. This is a reinforced conviction that this forest species has great potentials for utilization as a food and industrial crop.
Evidence from the present study suggests that location has considerable effects on amino acid profile of African walnut seeds in south eastern Nigeria. Boiling enhanced the levels of only tryptophan among the essential amino acids while its effect on the rest was not significant. However, the concentration of a number of the non-essential amino acids in the seeds were either enhanced or depressed by boiling. It is remarkable from the study that conophor nuts have full complement of the essential and non-essential amino acids in sufficient amounts to meet the nutritional needs of the large population that consume the nuts.
